The purpose of this study was to determine whether trastuzumab improves prognosis of women with metastatic human epidermal growth factor receptor 2 (HER2)/neu -positive breast cancer beyond that of women with HER2/neu-negative disease.
INTRODUCTION
Human epidermal growth factor receptor 2 (HER2)/ neu is a growth factor receptor gene 1 that is amplified in approximately 20% to 25% of breast cancers with its corresponding encoded protein also being detected at abnormally high levels in these malignant cells.
2, 3 Its main function is to mediate growth, differentiation, and survival of cells, thereby promoting more aggressive behavior of tumors. Thus, studies have shown that women whose tumors exhibit either amplification of the HER2/neu gene or overexpression of its encoded protein have a more aggressive form of breast cancer that is associated with significantly shortened disease-free and overall survival (OS) compared with women whose tumors do not over express HER2/neu. [2] [3] [4] Trastuzumab is a humanized monoclonal antibody that targets the extracellular domain of the protein encoded by the HER2/neu gene. In 1998, after the demonstration of significant survival benefit, trastuzumab was approved by the US Food and Drug Administration as first-line treatment in combination with paclitaxel for women with metastatic HER2/neu-positive breast cancer. 5 After these findings, large randomized clinical trials were conducted to demonstrate the efficacy of trastuzumab in the adjuvant setting. [6] [7] [8] 
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The results of these trials indicated that trastuzumab significantly improved disease-free survival and OS of women with early-stage HER2/neu-positive breast tumors by as much as 50%. Furthermore, despite the high costs associated with incorporating trastuzumab into breast cancer treatment regimens, analyses conducted both in the United States and internationally have demonstrated the cost effectiveness of trastuzumab-based regimens both in the adjuvant 9 ,10 and metastatic settings.
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There is no doubt that the incorporation of trastuzumab has significantly altered the natural history of HER2/neu-positive breast tumors, converting them from a historically aggressive tumor subtype to one with improved prognostic outcomes. However, the question still remained as to whether the use of trastuzumab has been able to equalize prognostic outcomes of women with HER2/neu-positive breast cancer to those of women with HER2/neu-negative disease, a cohort historically considered to be associated with better prognosis. Thus, the goal of this retrospective study was to compare the prognosis of women with metastatic HER2/neu-positive breast cancer with and without the addition of trastuzumab with the prognosis of women with HER2/neu-negative disease.
PATIENTS AND METHODS

Patient Population
Using a prospectively maintained database at the Breast Medical Oncology Department of The University of Texas M. D. Anderson Cancer Center, we retrospectively identified patients with metastatic breast cancer with known HER2/neu status. Patients who were male, had more than one primary cancer, received trastuzumab in the adjuvant setting, and had only locoregional metastases with no evidence of distant metastases were excluded. Patients who had HER2/neu-positive tumors were excluded if administration of trastuzumab was started subsequent to first-line treatment for metastatic disease. To be classified as having received trastuzumab as part of first-line treatment, patients with HER2/neu-positive disease had to have received trastuzumab within 6 weeks of diagnosis of first distant metastases. Variables recorded for analyses included patient demographics, tumor characteristics, site of metastases, and presence or absence of first-line trastuzumab administration. After obtaining institutional review board approval, all medical charts were used to cross-check the accuracy of the information obtained from the database.
Staging and Pathology Review
Staging of primary tumors was based on the most recent edition of the American Joint Committee on Cancer criteria (sixth edition, 2003). 12 Grading of tumors and histologic classification were based on the modified Black's nuclear grading system 13 and WHO criteria, 14 respectively. HER2/neu status of tumors was determined using either an immunohistochemistry (IHC) method and/or a gene amplification method using a fluorescent in situ hybridization (FISH) technique. Tumors were classified as HER2/neu positive if they had 3ϩ staining on IHC and/or gene amplification by FISH. Tumors were classified as HER2/neu negative if they did not exhibit either staining by IHC and/or gene amplification by FISH. Tumors exhibiting 2ϩ staining by IHC that was not accompanied by confirmatory FISH results were excluded from the analyses.
Statistical Analyses
The cohort was divided into the following three groups according to HER2/neu status and trastuzumab treatment: patients with HER2/neunegative disease, patients with HER2/neu-positive disease who did not receive trastuzumab treatment, and patients with HER2/neu-positive disease who received first-line trastuzumab treatment. Patient characteristics were tabulated by HER2/neu status and by trastuzumab treatment. Median follow-up time was calculated as the median observation time for the whole cohort. OS was defined as the time from the date of first distant metastases to the date of death or last follow-up.
Survival estimates were obtained using the Kaplan-Meier productlimit method and compared across groups using the log-rank test. Cox proportional hazards models were then used to determine associations between OS and HER2/neu status after adjusting for age and year of metastasis diagnosis, site of first metastasis, grade, stage of primary disease, and hormone receptor status. Variables chosen to be included in the Cox proportional hazards model were based on their clinical significance regardless of statistical significance on univariate analysis. For the purposes of this analysis, hormone receptor status was considered as one variable, with positive status indicating estrogen receptor-and/or progesterone receptor-positive tumors and negative status indicating tumors that did not stain for either estrogen or progesterone receptors. Similarly, for grade of tumors, grades 1 and 2 were collapsed into one category. We found that the term comparing women with HER2/neu-positive disease who received trastuzumab compared with those with HER2/neu-negative disease violated the proportional hazards assumption of the Cox model according to the Grambsch-Therneau test 15 (P ϭ .002). After inspection of the hazard, we addressed the issue of nonproportion by rerunning the multivariable model with the time axis partitioned at 24 months. Two models were fit; the first censored all patients still at risk at 24 months, and the second considered only patients still at risk after 24 months. The proportional hazards assumption was satisfied over these two separate time periods.
On the basis of a Cox proportional hazards model unadjusted for other patient characteristics and a two-sided test at the P ϭ .05 significance level and considering the event rates and observed unadjusted hazard ratios (HRs) comparing the treatment groups, we had a 60% power to detect a difference between the patients with HER2/neu-positive disease who did not receive trastuzumab and the patients with HER2/neu-positive disease who did receive first-line trastuzumab and a 19% power to detect a difference between the patients with HER2/neu-positive disease who received first-line trastuzumab and patients with HER2/neu-negative disease. All analyses were conducted using SAS 9.1 (SAS Institute, Cary, NC) and R 2.4.1 (R Core Development Team; http://www.r-project.org/). All P values were two-sided, and P Ͻ .05 was considered to be statistically significant. Table 1 
RESULTS
Patient Characteristics
Survival Estimates and Multivariable Model
At the time of this analysis, 1,137 patients (54.4%) have died, of whom 112 had HER2/neu-positive disease and received first-line trastuzumab, 72 had HER2/neu-positive disease and did not receive trastuzumab, and 953 had HER2/neu-negative disease. Median follow-up time for the whole cohort was 16.9 months (range, 0 to 176 months). Only 295 patients (14%) were diagnosed before 2000, of whom 73 (25%) had follow-up of less than 1 year. Among patients diagnosed between 2002 and 2007, 57% and 71% of patients who were alive and dead at the time of analysis, respectively, had less than 1 year of follow-up. Table 2 lists 1-, 2-, and 5-year survival estimates by patient characteristics. Median survival for the whole cohort was 28.6 months (95% CI, 26.5 to 30.5 months). One-year survival rates among patients with HER2/neu-negative disease, HER2/neu-positive disease and first-line trastuzumab treatment, and HER2/neu-positive disease and no trastuzumab were 75.1% (95% CI, 72.9% to 77.2%), 86.6% (95% CI, 80.8% to 90.8%), and 70.2% (95% CI, 60.3% to 78.1%), respectively, with differences among the three groups being statistically significant (P ϭ .028; Fig 1) . This represented an absolute increase in 1-year survival of 11.5% when comparing patients with HER2/neu-positive disease who had received trastuzumab with patients with HER2/neu-negative disease. Similarly, at 2 years, an absolute difference of 8.3% was observed. Five-year survival estimates were similar among the patients with HER2/neu-negative disease and those with HER2/neu-positive disease who had received trastuzumab. Figure 2 shows the survival curves stratified by hormone receptor status. Among women with hormone receptor-negative Abbreviations: BCS, breast-conserving surgery; HR, hormone receptor; LVI, lymphovascular invasion. Table 2 . After adjusting for patient characteristics, patients with HER2/ neu-positive disease who did not receive trastuzumab had a nonsignificant increased hazard of death compared with patients with HER2/ neu-negative disease (HR ϭ 1.23; 95% CI, 0.95 to 1.60; P ϭ .123; Table  3 ). Compared with patients with HER2/neu-negative disease, patients with HER2/neu-positive disease who received first-line trastuzumab treatment had a significantly decreased hazard of death (HR ϭ 0.56; 95% CI, 0.45 to 0.69; P Ͻ .0001). As a result of nonproportionality of the Cox models, the models were rerun partitioning the time axis at 24 months. These models showed that the decreased hazard of death among women with HER2/neu-positive disease who received trastuzumab compared with those with HER2/neu-negative disease was significant during the first 24 months (HR ϭ 0.45; 95% CI, 0.34 to 0.59; P Ͻ .0001) and not significant thereafter (HR ϭ 0.91; 95% CI, 0.64 to 1.28; P ϭ .58).
DISCUSSION
To our knowledge, this is the largest single-institution study to compare survival differences among women with stage IV breast cancer based on HER2/neu status and trastuzumab treatment. Significant differences in unadjusted OS estimates of 11.5% and 8.3% were observed in the first and second year after diagnosis, respectively, of stage IV disease favoring patients with HER2/neu-positive disease who did receive trastuzumab compared with patients with HER2/neu-negative disease. In the multivariable model, after adjusting for clinically relevant patient and tumor characteristics, women with HER2/neupositive disease who received trastuzumab had a 44% decreased risk of death compared with women with HER2/neu-negative disease. As expected, the group with the poorest prognosis was women who had HER2/neu-positive disease who did not receive trastuzumab.
Our study indicated that by 5 years of follow-up, survival outcomes were similar between women with HER2/neu-positive disease who received trastuzumab and those with HER2/neu-negative disease. However, these results must be interpreted with caution because the number of patients at risk decreased substantially after 3 years, making it difficult to detect meaningful differences. Moreover, not all patients who received trastuzumab as first-line treatment for metastatic disease received it in subsequent lines of treatment.
Over the last decade, research has focused on characterizing various subtypes of breast cancer in an effort to better define prognostic outcomes and individualize therapeutic strategies to achieve the best survival outcomes. Gene expression profiling has identified up to six molecular subtypes that are based on both hormone receptor and HER2/neu status of tumors. 16 In a cohort of 49 women with locally advanced breast cancer, Sørlie et al 17 reported that OS and relapse-free survival were the poorest for patients with the basal-like and HER2/ neu-positive breast tumor subtypes compared with women with luminal breast tumor subtypes. Among women with luminal breast tumor subtypes, those with luminal A breast tumors (estrogen receptor positive-and/or progesterone receptor positive-and HER2/neunegative tumors) had better survival outcomes compared with those with luminal B breast tumors (estrogen receptor positive-and/or progesterone receptor positive-and HER2/neu-positive tumors). These results have since been replicated using other data sets, 18 suggesting that different breast tumor subtypes may be distinct biologic entities. However, in these cohorts, patients did not receive trastuzumab as part of their treatment regimens. On the basis of the results of our study, we hypothesize that prognostic outcomes typically attached to these subtypes may have changed. It is possible that women with luminal A, B, and HER2/neu breast tumor subtypes in the trastuzumab era have similar prognostic outcomes that are far superior to women who have basal-like tumors, as shown in Figure 2 and Table 2 . However, speculation is based on results derived from retrospective data set analyses involving women with metastatic breast cancer and will need to be confirmed in a prospective fashion.
Although the prognosis of the different breast tumor subtypes may be shifted by the use of trastuzumab, hormone receptor status remains an important prognostic factor. After controlling for HER2/ neu status, trastuzumab treatment, and other patient and disease characteristics, women with hormone receptor-positive disease had a decreased risk of death compared with women with hormone receptor-negative disease (HR ϭ 0.53; 95% CI, 0.46 to 0.61; P Ͻ .001). This finding highlights the fact that even in the presence of trastuzumab, hormone receptor status is still an important prognostic factor among women with stage IV disease.
The association between the incidence of CNS metastases and HER2/neu status of breast tumors has been the focus of several studies. In a large retrospective study of more than 9,000 patients with nonmetastatic breast cancer who were enrolled onto a number of prospective clinical trials conducted by the International Breast Cancer Study Group, none of whom had received trastuzumab, Pestalozzi et al 19 reported a cumulative incidence for the development of CNS metastases of 6.8% among women with HER2/neu-positive disease compared with 3.5% among women with HER2/neu-negative disease (P Ͻ .001). Several retrospective studies have also reported high rates of CNS metastases among women with HER2/neu-positive disease receiving trastuzumab, ranging from 25% to 43%, rates that are much higher than historical controls.
20-23 Because we selected women based on known HER2/neu status and excluded patients with unknown HER2/neu status, we were unable to define the true incidence of brain metastases among the different groups in our cohort. However, our group has previously looked at the prognostic outcomes of women with breast cancer and CNS metastases based on both HER2/neu status and trastuzumab treatment. 24 We reported that women with HER2/neu-negative disease had both shorter times to development of CNS metastases (HR ϭ 1.50; 95% CI, 1.15 to 1.95; P ϭ .003) and an increased risk of death after the development of CNS metastases (HR ϭ 1.66; 95% CI, 1.31 to 2.12; P Ͻ .0001) compared with women with HER2/neu-positive disease who had received trastuzumab as part of their treatment regimen. Thus, regardless of the effect of trastuzumab on incidence of CNS metastases, a question that will be answered with longer follow-up of prospective trials, evidence indicates that trastuzumab has also improved outcomes of women with HER2/neu-positive breast cancer and CNS metastases beyond that of a comparative group of women with HER2/ neu-negative disease.
We acknowledge that the study is limited by a number of biases inherent with the retrospective nature of the study design. First, among patients with HER2/neu-positive disease who received trastuzumab as part of first-line treatment for metastatic disease, the receipt of treatment and duration of treatment with trastuzumab varied according to physician preference. Second, the range of year of diagnosis for women with HER2/neu-positive disease who did not receive trastuzumab included much earlier years compared with the other two comparative groups, a fact that reflects change in practice patterns after US Food and Drug Administration approval of trastuzumab. One could argue that earlier year of diagnosis may unfairly bias the results of this group toward a more unfavorable outcome. However, our multivariable models were adjusted for year of diagnosis. Regardless of these limitations, the study design stands on the strength of its comparative groups-a design unlikely to be replicated in future prospective clinical trials. Moreover, the results obtained are consistent with the known efficacy of trastuzumab among women with HER2/ neu-positive disease.
In conclusion, the results of our study provide evidence of the fact that trastuzumab has not only beneficially altered the natural history of women with HER2/neu-positive breast tumors, but also has improved their prognostic outcomes beyond those of women with HER2/neu-negative disease. When we repeated our multivariable model using patients with HER2/neu-positive disease who did not received trastuzumab as the reference group (data not shown), as expected, we found that patients with HER2/neu-positive disease who received first-line trastuzumab had a significantly decreased risk of death (HR ϭ 0.45; 95% CI, 0.33 to 0.63; P Ͻ .0001), emphasizing the point that trastuzumab is now the standard of care among patients with HER2/neu-positive disease. Several questions still remain that need to be answered. First, the duration of trastuzumab treatment in both the adjuvant and metastatic setting is a territory that is still being explored, and we await the results of clinical trials that are attempting to answer this question. Second, it will be important for trastuzumab efficacy trials to report long-term follow-up so that the effect of trastuzumab on the incidence of CNS metastases can be determined. Regardless, the introduction of trastuzumab into the treatment paradigm of women with HER2/neu-positive breast cancer is probably the most important breakthrough in the management of breast cancer seen this decade, and with the advent of other forms of targeted therapy currently under study, we are bound to see even more improvement in prognostic outcomes of women with breast cancer. 
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